Of 1,799 accessions of ovine abortions and stillbirths by the South Dakota Animal Disease Research and Diagnostic Laboratory during a IO-year period, 1,784 were suitable for examination. Etiologic diagnoses were made in 786 (44%). Infectious agents were found responsible in 702 accessions (39%), and noninfectious causes were involved in 84 (5%). No diagnosis was made in 998 accessions (56%), 61 of which were mummified fetuses. Lesions, most of which indicated the presence of an infectious agent, were found in 274 cases (15%) in which no agent could be identified. Together, Toxoplasma gondii, Campylobacter sp., and Chlamydia psittaci caused -25% of all abortions and stillbirths examined.
In a 10-year period, 1980-1989, 1,799 ovine abortions and stillbirths were submitted to the South Dakota Animal Disease Research and Diagnostic Laboratory (SDADRDL). Of these, 15 were unsuitable for examination. In this article, the etiologic agents, lesions, and syndromes associated with the 1,784 abortions and stillbirths that were examined are discussed.
Materials and methods
Most of the 1,799 submissions were from South Dakota and the states immediately surrounding it. In many cases, submissions included specimens from more than 1 aborted or stillborn lamb from a flock. Assuming that a single agent was responsible for all the abortions in a flock, each submission was given a single accession number regardless of the number of lambs represented. Only rarely was more than 1 etiologic agent found in a single accession, and in those cases each lamb and agent was included in the final count. Most of the submissions were from flocks with <500 ewes.
Veterinarians were encouraged to submit entire carcasses and placentas whenever possible. After 1983, veterinarians who performed necropsies and submitted tissues were encouraged to include body cavity fluids or heart blood. Necropsy, tissue collection, and histologic procedures were similar to those described for bovine abortions. 11 Bacteriologic examination. Stomach contents and lungs were cultured aerobically and microaerophilically on blood agar plates. Aerobic plates were examined after 24, 48, and 72 hr incubation. Microaerophilic plates were examined after 72 hr incubation. Isolates were identified by standard procedures. When placenta only was presented, it was cultured in the same way.
A drop of content from the abomasum was examined by dark-field microscopy for organisms resembling Campylobacter sp. Smears of the cut surface of cotyledons from every placenta received were stained by the Gimenez method 8 and examined microscopically for Chlamydia elementary bodies. When results of examination of Gimenez-stained smears of placenta for Chlamydia were equivocal, cryostat sections were examined by fluorescent antibody test (FAT). 18 Smears of the cut surface of the kidney were examined for leptospires by FAT. 13 Virologic examination. Cryostat sections of spleen and kidney were examined for border disease virus (BDV) by the FAT procedure used to detect bovine viral diarrhea virus in aborted calves. 11 Pooled fetal lung, liver, spleen, and kidney were triturated in a stomacher in enough Hanks' balanced salt solution to make an estimated 10% suspension. The suspension was centrifuged for 20 min at 1,100 x g. Placental tissue was cultured only when it was the only tissue available. The supernatant fluid (0.2 ml) was inoculated into 1 tube each of low-passage cells grown in minimum essential medium (MEM) with 10% irradiated fetal calf serum, 200 U/ml penicillin, 200 mg/ml streptomycin, and 0.05 mg/ml gentamicin sulfate. Prior to 1984, bovine lung and bovine turbinate cells were used, but from 1984 on, primary pig kidney and pig testicle cells were used. After removal of the inoculum, MEM with 2% fetal bovine serum was added.
Inoculated tubes were examined each day for cytopathic effect (CPE). Cells scraped from cultures free of CPE after 7 days were examined for noncytopathic BDV by FAT. The cultures were each passed to 2 new tissue culture tubes and observed for another 7-10 days. At this time, cultures without CPE were reexamined for noncytopathic BDV by FAT.
Mycologic examination. A diagnosis of mycotic abortion was made when mycelia associated with compatible lesions were found on histologic examination of fetal placenta. After a diagnosis had been made by microscopic examination, tissues were cultured for fungi in an attempt to identify the etiologic agent. 15 Mummified fetuses. When suitable tissues could be obtained from mummified fetuses, FAT and culture for BDV were done. Only placental tissue was examined histologically and by Gimenez staining. Bacteriologic culture was not done.
Serologic examination for Toxoplasma. Beginning in 1984, From the Veterinary Science Department, South Dakota State whenever they were available, serum or body cavity fluid University, Box 2175, Brookings, SD 57007.
from each lamb was tested for antibodies to Toxoplasma
Received for publication September 11, 1992. gondii by the modified direct agglutination test (MAT). 4 that cause readily recognizable lesions and that are relatively easily identified caused most ovine abortions, and sporadic abortions caused by obscure agents appeared to occur less often than in cattle. However, in > 15% of the cases there were lesions, most of which suggested the presence of infection, but no infectious agent was identified (Table 2) . Table 1) , dystocia (3%), and anomalies (2%) were responsible for 786 cases of abortion and stillbirth. No diagnosis was made in 998 (56%) cases, 61 of which were mummified fetuses. Neither lesions nor agents were found in 663 (37.16%) cases. Lesions, most of which suggested infection, were present in 274 (15%) cases in which no agent could be identified ( Table 2) . Viruses that cause CPE were not found in this survey.
Results

Infections (40%) (
The numbers in this survey are somewhat skewed because during the last 3 years of the survey all of the aborted and stillborn lambs from each of the several ovine research herds on the campus were examined and their numbers included, regardless of the fact that in many cases the major cause of the problem already had been determined by examination of earlier submissions. This resulted in an abnormally large number of accessions and toxoplasmosis diagnoses. The high number of toxoplasmosis diagnosis was the result of an epidemic in one of the campus flocks in 1987. In a commercial flock, there would have been no more submissions once a diagnosis had been made. However, in the campus flock, every aborted and stillborn lamb was examined. This resulted in an estimated increase of 25-30 toxoplasmosis diagnoses over the expected number for that year. Although this procedure resulted in skewed figures for this survey, it provided some valuable information concerning the epidemiologic features of this infection. 7 Serum or body cavity fluid from 553 aborted lambs was examined for antibodies to bluetongue virus, BDV, and leptospira. The methods and results have been published elsewhere. 14
Discussion
Diagnostic success was consistently 10-15% better for ovine than for bovine abortions and stillbirths examined during the same time period. 11 
Infectious agents
Toxoplasmosis. Prior to 1981, toxoplasmosis had not been diagnosed as a cause of ovine abortion at SDADRDL. In 1981, 1 case was reported. No cases were reported in 1982, but in 1983, 17 cases occurred. Through that time, the diagnoses were made on the gross appearance of the placenta and the character of the microscopic lesions, especially those in the brain and placenta. Because of the limitations of this method, tissues from several of these cases were submitted to the USDA Zoonotic Diseases Laboratory, Beltsville, Maryland, where the diagnosis was confirmed by histologic and serologic methods.
The sudden occurrence of toxoplasmosis as a recognized major cause of ovine abortion in the northcentral USA is unexplained. A few cases could have gone undetected each year because of less than ideal diagnostic methods. However, it is highly unlikely that all of the cases that occurred in a year such as 1983 would have gone unrecognized.
Research has demonstrated that most lambs infected in utero with Toxoplasma gondii developed antibodies. 3 In cooperation with personnel from the Beltsville Laboratory, extensive trials were done at SDADRDL that determined that the MAT test was superior to other methods for testing fetal serum or body cavity fluids for Toxoplasma antibodies. 19 This test done on dilutions of 1:16, 1:160, and 1:1,600 became a routine adjunct to histologic examination for the diagnosis of abortion caused by Toxoplasma infection. Because antibodies are not transmitted to the fetus across the placenta, 6 the presence of Toxoplasma antibodies in the fetus is proof of a prenatal fetal infection.
Most fetuses from Toxoplasma abortions were in the last month of gestation, and their conditions varied from complete mummification to unautolyzed with partially or completely expanded lungs. Occasionally, a mummified fetus was presented with a twin that had died later in gestation. Gross fetal lesions were not usually apparent, but well-preserved placentas typically had numerous white nodules -1 mm in diameter scattered throughout the villi. The intercotyledonary tissue was unaffected. Autolysis made the lesion difficult to detect. Immersion of the placenta in a shallow pan of saline sometimes made the lesions more visible. Microscopically, the lesion consisted of necrosis with mineralization. 5, 22 In the fetus, lesions occurred most consistently in the brain and consisted of granulomas, usually with necrotic centers. 5, 22 Similar lesions occasionally occurred in the liver. Few T. gondii organisms were associated with the lesions, and they were difficult to find.
Campylobacter sp. Prior to 1983, Campylobacter sp. was the most commonly diagnosed cause of ovine abortion. Most fetuses that were aborted because of Campylobacter infection were in the last half of gestation and had slight to moderate autolysis. Gross placentitis rarely was apparent, and the fetal lesion encountered most commonly was fibrinous peritonitis. Rarely there were large (≥ 1 cm) gray-brown circumscribed lesions in the liver. Microscopically, these lesions were areas of necrosis associated with pleocellular inflammation. 2 2 Suppurative placentitis and pneumonia of varying severity was usually present.
The finding of small bacteria with characteristic morphologic features and motility by dark-field examination of abomasal content usually produced a quick diagnosis of campylobacteriosis. These results were confirmed by isolating and identifying the species and subspecies of the organism. 2 The biochemical characteristics of 2 of the isolates did not conform exactly to any of the Campylobacter species recognized as ovine pathogens (Table 1) . Although Campylobacter fetus ssp. fetus prevailed in ovine abortions during the first 8 years of the survey, the prevalence of C. jejuni infection gradually increased starting in 1983. During 1988-1989, C. jejuni was involved in 26 cases, whereas C. fetus ssp. fetus was found in only 9. During this period, C. jejuni was identified as the cause of major abortion epidemics in several flocks that had been vaccinated against Campylobacter for several years. The content of the vaccines used is unknown.
Chlamydia psittaci. Most lambs that were aborted because of C. psittaci infection were near term and were not autolyzed. Frequently the fetus was encased in the placenta. Gross fetal lesions occurred rarely; however, necrosis of the placenta occurred consistently. Necrosis started at the periphery of the cotyledon and affected only the intercotyledonary tissue immediately adjacent to the affected cotyledons. Placentas with well-advanced lesions were leathery throughout, the cotyledons were rounded and firm, and the villi were fused. At times there was gray-brown exudate. Microscopic lesions consisted of moderate to severe necrotizing placentitis with vasculitis. 22 Fetal lesions including vasculitis in various organs, focal necrosis of the liver, spleen, and lymph nodes, and interstitial and bronchopneumonia occurred more rarely.
Diagnosis of Chlamydial abortion was hindered greatly when placenta was not available for examination. A tentative diagnosis made on the basis of gross placental lesions often was readily confirmed by examination of the Gimenez preparation. Correct interpretation of the Gimenez preparation requires considerable experience, and the results occasionally were equivocal. The character of the microscopic lesions in the placenta 22 as well as the results of the FAT were helpful in resolving these cases.
Flexispira rappini. In 1985, a bacterium with unique morphologic and culture features was identified as a cause of ovine abortion. 12 The name Flexispira rappini has been proposed for this organism, 1 but at present this name is not official. This bacterium, or morphologically similar bacteria, occurs in the digestive tract of several species of animals, 9, 17, 21 including humans, 16 but it has not been definitely associated with lesions. Apparently it has caused only sporadic ovine abortion, and its main importance is that it frequently causes gross and microscopic fetal lesions indistinguishable from those often caused by Campylobacter sp. 12, 23 This organism apparently has caused the large circumscribed liver lesions more consistently than has Campylobacter. In cases of mild autolysis, the liver frequently was often almost liquified.
Flexispira rappini is very difficult to isolate in culture. Recommended procedures have been described. 10 Sometimes the highly motile organism can be seen by dark-field examination of abomasal content. By locating and examining one of the organisms whose motility has slowed or stopped, the organism will be seen as about the size of a Bacillus, opaque rather than transparent, crescent shaped, and with a tuft of flagella on each tapered end.
Whenever aborted lambs with lesions suggestive of Campylobacter infection are presented but the presence of Campylobacter cannot be proven, F. rappini should be suspected. It is important to distinguish between the 2 organisms because, in contrast to Campylobacter, F. rappini apparently causes only sporadic abortions.
Coxiella burnetii. The 2 ovine abortions caused by C. burnetii came from a flock with epidemic abortion in Califomia. 23 Miscellaneous bacteria. When bacteria not commonly associated with ovine abortion were isolated in large numbers in pure or nearly pure culture from fetal abomasal content and/or tissues, when compatible lesions were present in the fetus and/or placenta, and when no other more likely cause of the lesions and abortion was demonstrated, the isolated organism was considered the cause of the abortion. In some cases there was no published proof that these organisms cause ovine abortion. The lesions most often associated with these abortions were suppurative placentitis and suppurative bronchopneumonia.
Actinomyces pyogenes, Escherichia coli, Bacillus sp., Flexispira rappini, and many of the other organisms that usually are involved in sporadic ovine abortions probably can be considered opportunists. Except in instances of impaired immunity or overwhelming infection, these opportunists would be removed from the blood stream by the ewe's reticuloendothelial system before they infected the placenta. 20 Of 28 pregnant ewes inoculated intravenously with approximately 6 x 10 8 Flexispira rappini organisms, only 4 aborted or had weak lambs that were infected. 12 These ewes had been together several months, and their chance of natural exposure and acquisition of immunity to the organism appears equal. The general condition of all of these ewes was apparently similar and the exposure was equal. Therefore, it appears that the immunity of the 4 affected animals to this organism was somewhat impaired and the resistance less than that of the unaffected ewes.
Viruses. Border disease virus was the only viral agent associated with ovine abortion or stillbirth in this survey. There were no consistent lesions in lambs infected with BDV. There were all stages of gestation and all states of autolysis from complete mummification to unautolyzed and alive at birth. Lesions such as hypomyelinogenesis and gliosis of the brain, arthrogryposis, and hairy wool occurred infrequently. A herd history of the birth of small weak lambs and/or lambs with tremors aided in confirming the diagnosis. However, for the most part diagnosis was based on isolation of the virus and/or demonstration of its presence by FAT procedures.
Attempts to isolate bluetongue virus were not made, but antibodies to this virus were not found by serologic examination of serum or body cavity fluids from 553 aborted or stillborn lambs. 14 Thus, bluetongue virus probably was not a major factor in ovine abortions in the geographic area covered by this survey.
In the first 2 years after this survey ended, serologic and pathologic evidence was found of Cache Valley Fever virus infections in several aborted lambs that had developmental anomalies (Jerome Nietfeld, personal communication). No attempt to detect Cache Valley Fever virus infection was made during the survey.
Diagnostic success was consistently better for ovine abortions than for bovine abortions. Together, Toxoplasma gondii, Campylobacter sp., and Chlamydia psittaci caused -25% of all the ovine abortions examined. Sporadic abortions caused by obscure agents appear to occur less frequently in sheep than in cattle.
